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G’aaah! The US-Canada game is on!

right now!  
(what are we 
doing at this talk?) 
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Outline

  MiniBooNE 
 past results 
  future 

  MicroBooNE  
 physics motivation  
 R&D motivation 
 status: (running is imminent!) 
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The Booster Neutrino Beam

BNB
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Dirt ~500m Decay region ~50mπ+
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Horn polarity flip allows nu or anu modes. 
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MiniBooNE history
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MiniBooNE

  800 tons of Mineral Oil 
  10% photocathode coverage 
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candidate νµ   νe Charged 
Current (CC) event 
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MiniBooNE cross-sections

Detector is well 
understood in both 
BNB 
horn modes. 
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MiniBooNE oscillation analysis: 
oscillation sample Eν distributions 

Combined analysis: 
240.3 +/- 62.9  3.8σ 

-Requires multiple sterile ν for satisfactory fit. 
-Excess at low-energy where NCγ  and NCπ0   

  dominate, should examine these carefully!  

Phys. Rev. Lett. 110, 161801 (2013)



Short-Baseline Neutrino Anomalies
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SAGE, Phys. Rev. C 73 (2006) 
045805!

G. Mention et al., Phys.Rev.D83:073006,2011!

arXiv:1212.6267 & arXiv:1303.5076 & arXiv:1304.5981!

A. Aguilar et al., Phys. Rev. D 64, 
112007, (2001)!

LSND

Gallium anomaly

Reactor anomaly

Cosmology
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 MiniBooNE in the Dark Matter 
Business 

ala arXiv:1307.6554 



11 

MiniBooNE as DM detector 

α’ 

κFµνVµν 
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MiniBooNE as DM detector 

Need, ironically, to remove neutrino background! 
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9-Feb-2014: FNAL PAC recommends MiniBooNE search for DM go forward! 

MiniBooNE as DM detector 



14February 22, 2014

MicroBooNE

 

•  goals: 
    - MiniBooNE excess events 
•    - σν measurements in argon 
•    - R&D for future LAr TPCs2.5m

BNB



15

Motivation

  Physics 
  MiniBooNE low energy excess 
  Cross Sections 
  Burst Supernova neutrinos -- we are a SNEWs consumer 

  R&D 
  Long drift length (2.5m) 
  DAQ: Cold front-end electronics (up through shaper) 
  DAQ: Continuous readout with offline SN trigger 
  Reconstruction/pID: LArSoft 
  LAr fill w.o. evacuation 
  Surface Running 
  UV Laser Calibration System 

Spring-Summer, 2014! 
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collaborators 

from 21 
institutions, 24 
postdocs,15 
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* 
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 The US Integrated Plan for LAr

  

34 ktonLBNE
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The Design

Beam 

2.5x2.4x10.4 m^3 
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How Does a LArTPC Work?

Anode Wire Planes
         U V Y

V

Y

t0

PMT

1.  Energy loss by charged 
particles:

Ionization and Excitation of Ar
•  Prompt light emission by Ar2

+ 
starts clock

•  Electrons drift to anode
(Ar+ ions drift to cathode)
•  Moving electrons induce 

currents on wires
•  Tracks are reconstructed from 

wire signals

Bubble Chamber 
(1964)
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signals in the detectors

electrons, photons are distinguishable from 
their early ionization signature



21

signals in the detectors: pi0s

ArgoNeuT 
Data 

2 pi0s ! 

Note the high (x2) 
ionization 

early in each gamma 

LArTPCs give an  
unprecedented level of detail  
into neutrino interactions. 
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electrons or gammas?

electron case photon case

Expected MiniBooNE Excess in MicroBooNE 

(>5σ statistical)

(>4σ statistical)

6.6x1020 POT
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νe Charged Current (CC) in MicroBooNE

Reconstructed 
clusters 

Monte Carlo 
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νµ CC ... with cosmics!

In this view, the 2nd induction plane, we 
have zoomed on the νµ CC interaction. 

Monte Carlo 

The 
neutrino 
interaction is 
circled. Ti

m
e 

(ti
ck

s)
 

Wire # 
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Detector Construction

TPC strung 
May, 2013 
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PMT final assembly

Final Assembly of PMT array 
and Installation in the 
detector

September 2013

Fermilab Today
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TPC installation into the Cryostat

December 20
2013
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DAQ TPC crate  - 9 total

Wires 
tested/read-
out 
in situ with 
vertical 
slice DAQ. 
 
PMTs 
readout in 
situ 
with full 
DAQ. 

~2 MB/sec 

~500 MB/sec 
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LArTF: MicroBooNE building

29
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LAr Reconstruction Development

Simplified version

Raw 
Data

Wires

Hits

Clusters

Vertex Showers Tracks

Calorimetry

Corners

Space 
Points Seeds

Optical

Toward an 
Automated 

Reconstruction
Chain

Fermilab Today
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νe CC in MicroBooNE

31

Reconstructed 
clusters 

zoomed view 

Monte Carlo 
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Conclusions
• MiniBooNE has one final chapter ahead: Dark 
Matter search and BNB monitor!

•  MicroBooNE’s final pre-commissioning work is 
underway

•  MicroBooNE will move to LArTF and take data in 
Summer, 2014

• Thereby, the US experimental neutrino program 
enters a crucially important phase
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Back-up Slides

33
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low Energy MiniBooNE excess

128.8 ± 43.4 events 
0.200<E<0.475 GeV 

electrons 
or gammas? 
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Monte Carlo  νμ Charged Current (CC) event
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LBNE modular TPCs

  z view only of atmospheric neutrino 
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Specs

38
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MicroBooNE DAQ



 Digitizing Boards:  Current MicroBooNE design

Neutrino 
beam events 

Supernova 
events 

TPC and PMT 
Compression, 
  decimation 

 TPC Lossless 
Compression 

PMT trigger 
Generation  

  local server 
Cyclic(2day) 
Data storage  

   build, store & 
ship to 

  Permanent 
Data storage  

PMT Trigger + 
Beam Gate  
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Continuous TPC and PMT readout  

 50 Mbytes/s/crate 
Use the SN data stream to select and study  K background events 

 ~2 Mbytes/s/system 


